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ABSTRACT 

The r e s u l t s  of  t h e  t w o  Aux i l i a ry  Power  Unit  (APU) 
system s t u d i e s  performed t o  suppor t  t h e  Space S h u t t l e  Tech- 
nology Program are repor t ed  he re in .  The s t u d i e s ,  conducted 
by both  Rocketdyne and AiResearch, de f ined  the  characteris- 
t ics  of  cand ida te  gas  tu rb ine  d r i v e n  systems having a c a p a c i t y  
of 400 s h a f t  horsepower f o r  electrical  and hydrau l i c  power. 
Pre l iminary  des igns  were performed on systems which used 
gaseous H 2 / 0 2  combustion products .  

des ign  d a t a  t o  suppor t  t h e  ongoing Space S h u t t l e  s tudy  program. 
The s t u d i e s  achieved t h e i r  o b j e c t i v e  o f  provid ing  
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1 . 0  INTRODUCTION 

In suppor t  of t h e  OMSF Space S h u t t l e  technology 
requirements t h e  L e w i s  Research Center  has funded t w o  s tudy  
c o n t r a c t s  i n  t h e  a u x i l i a r y  power u n i t  (APU) areas. B o t h  
AiResearch and Rocketdyne were awarded i d e n t i c a l  10-month 
s t u d i e s  having t h e  ob jec t ives  of (1) e v a l u a t i n g  cand ida te  
APU c o n f i g u r a t i o n s ,  ( 2 )  s e l e c t i n g  and then  execut ing  a 
pre l iminary  des ign  a n a l y s i s  of t h e  selected concept,and 
( 3 )  recommending areas r e q u i r i n g  technology e f f o r t s  t o  
ensure  APU a v a i l a b i l i t y  fo r  t h e  Space S h u t t l e  program. A 
prev ious  memorandum* described t h e  r e s u l t s  of t h e  evalua-  
t i o n  of t h e  candida te  APU conf igu ra t ions .  T h i s  memorandum 
d e s c r i b e s  t h e  r e s u l t s  of t h e  remainder of t h e  s t u d i e s  a s  
r epor t ed  by t h e  c o n t r a c t o r s  a t  t h e  L e w i s  Research Center 
on June 30 and J u l y  1, 1971 .  

2 .0  BACKGROUND 

The Space S h u t t l e  APU i s  a gas  d r iven  r o t a t i n g  
machinery system t h a t  provides non-propulsive power fo r  
ope ra t ion  p r i n c i p a l l y  of e lec t r ica l  and hydrau l i c  systems. 
APU's are n o t  as e f f i c i e n t  a s ' f u e l  cel ls  f o r  producing. 
electrical  power. However, t h e  Space S h u t t l e  e lec t r ica l  
power requirements  are an order  of magnitude l a r g e r  t han  
s t a t e - o f - t h e - a r t  f u e l  cel ls .  On t h e  other  hand,APU state- 
o f - the -a r t  i s  w e l l  advanced and can provide a l i gh twe igh t  
system which w i l l  s a t i s f y  t h i s  l a r g e r  e lec t r ica l  power as 
w e l l  a s  t h e  much l a r g e r  hydraul ic  power requirements of 

* AiResearch Space S h u t t l e  APU System Study Review, 
Memorandum f o r  F i l e ,  C a s e  237, C .  Bendersky, October 2 8 ,  1970 .  
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t h e  Space S h u t t l e .  
of t h e s e  candida te  APU systems, NASA d i r e c t e d  t h a t  t h e  
p re l imina ry  des igns  inc lude  t h e  fo l lowing  ground r u l e s :  

Based on t h e  r e s u l t s  of  t h e  eva lua t ion  

1. APU p r o p e l l a n t s  are t o  be H2 and O2 obta ined  a s  
gases  from accumulators which are p a r t  of t h e  
a t t i t u d e  c o n t r o l  system (ACS). 

The APU system must s a t i s f y  both o r b i t e r  and 
boos te r  requirements.  Each APU i s  t o  be a 
complete package, thermally i n s u l a t e d  from t h e  
environment. 
would be loca ted  i n  each stage t o  s a t i s f y  f a i l u r e  
c r i te r ia .  

2 .  

A proper  number of  APU packages 

F igure  1 d i s p l a y s  a t y p i c a l  APU power flow whi le  
Table  1 l ists  s e l e c t e d  APU o p e r a t i o n a l  parameters .  NASA 
l a te r  d i r e c t e d  both c o n t r a c t o r s  t o  a l so  s tudy  t h e  e f f e c t  
of l i q u i d  H2 and O2 p r o p e l l a n t s  because of i n t e r e s t  
shown i n  l i q u i d  p r o p e l l a n t s  i n  t h e  Space S h u t t l e  Vehicle  
s t u d i e s .  
t o  choose t h e  b e s t  system concept and proceed i n t o  a 
breadboard technology program culminat ing i n  a system 
demonstration under simulated Space S h u t t l e  cond i t ions .  

A t  t h e  completion of t h e s e  s t u d i e s  it was in tended  

TABLE I 

Power Output 
Peak, SHP 
I d l e ,  SHP 

Hydraulic Cooling % 

P r o p e l l a n t  Supply (Gases) 
Hydrogen 

Oxygen 

Environment 

Temp., OR/Pressure, P s i a  

Temp., OR/Pressure,  P s i a  

Pressure,  P s i a  
Temp., OR 

Typica l  F lu ids  
Lube O i l  
Hydraulic O i l  

400  
33 

100  

75-500/500-1000 

300-500/500-1000 

0-14.7 
3 9 5 - 7 6 0 (Rocke tdyne ) 
400-700 (AiResearch) 

Mil-L-7808, 750'R (Max) 
M2V, 530°R(Min), 750°R(Max) 
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3.0 DISCUSSION 

3.1 AiResearch  

3.1.1 Gaseous P rope l l an t  Systems 

A schematic of t h e  APU selected f o r  pre l iminary  
Turbine power des ign  by A i R e s e a r c h  i s  shown i n  Figure 2 .  

i s  obta ined  from the combustion of f u e l - r i c h  mixtures  of 
H2 and O2 and is  t r ansmi t t ed  t o  t h e  hydrau l i c  pumps and 
a l t e r n a t o r  through a gear t r a i n .  P r i o r  t o  combustion, 
the GH2 is  used t o  cool t h e  gea r  l u b r i c a t i n g  o i l  and 
h y d r a u l i c  f l u i d ,  recoup energy from t h e  t u r b i n e  exhaus t  
gases  and p rehea t  t h e  incoming accumulator supp l i ed  
hydrogen. 

The t u r b i n e  i s  a 2-stage p r e s s u r e  compounded 
a x i a l  flow-type and ope ra t e s  a t  7 0 , 0 0 0  rpm w i t h  2060OR 
t u r b i n e  i n l e t  gas. P r i m a r y  c o n t r o l s  are t h e  t u r b i n e  
i n t e r s t a g e  temperature,which i s  p ropor t iona l  t o  i n l e t  
temperaturerand t h e  t u r b i n e  speed. The r ecoupe ra to r  
is  designed t o  maintain t h e  t u r b i n e  exhaus t  gases above 
700°R t o  p reven t  condensation or f r e e z i n g  of t h e  water 
i n  t h e  t u r b i n e  exhaus t  gases. The cond i t ione r  has  a 
hydrogen p rehea te r  and j e t  pump designed t o  mix both t h e  
cold side and h o t  side p rehea te r  flows. The j e t  pump 
d i scha rge  temperature  is maintained above 400°R t o  prevent  
congeal ing or  f r e e z i n g  the  lube  o i l .  
ou tpu t  i s  c o n t r o l l e d  by r e g u l a t i n g  t h e  f u e l  and o x i d i z e r  
f l o w  t o  t h e  combustor i n  a manner t h a t  w i l l  maintain a 
predetermined t u r b i n e  i n t e r s t a g e  temperature .  

Turbine power 

The s tudy  e f f o r t  included a n a l y s i s  of s t a r t  up, 
shutdown and off-design condi t ions  us ing  analog and 
d i g i t a l  s imula t ions .  A f a u l t  d e t e c t i o n  a n a l y s i s  w a s  
performed and recommendations were made f o r  secondary 
c o n t r o l s  t o  e f f e c t  emergency s a f e  shutdowns. Since t h e  
control concept is compatible with that of the Space 
S h u t t l e  v e h i c l e ,  t h e  c o n t r o l l e r  can be remotely located 
from t h e  APU. 

Heated n i t r o g e n  gas may be used i n  p l a c e  of t h e  
h o t  combustion gases f o r  ground checkout. I n  t h i s  mode, 
t h e  APU can provide 1 6 0  s h a f t  HP at 4 0 , 0 0 0  rpm when 
supp l i ed  wi th  GNz a t  600 p s i a  and 1200°R. 
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The chosen conf igu ra t ion  meets t h e  NASA s tudy  
requirements  wi th  t h e  fol lowing except ions :  

1. Hydraulic f l u i d  temperature  cannot be maintained 
lower than  750'R under a l l  cond i t ions  as r equ i r ed .  
The APU can maintain t h e  hydrau l i c  f l u i d  below 
750'R a t  all condi t ions  except  prolonged ope ra t ion  
a t  power l e v e l s  below 80 s h a f t  HP. 

2.  A f t e r  shutdown, t h e  f i n a l  bea r ing  temperature  
exceeds t h e  NASA s p e c i f i e d  290°F  for t h e  lube o i l .  
However, t h e  shutdown t r a n s i e n t  only e f f e c t s  a 
small po r t ion  of t h e  APU l i f e  and i s  confined t o  
an extremely S m a l l  amount of o i l ,  A i R e s e a r c h  
r epor t ed  ope ra t ing  var ious  l u b r i c a n t s  a t  tempera- 
t u r e s  up t o  350'F f o r  extended pe r iods  of t i m e .  

A weight breakdown and performance e s t i m a t e  f o r  
t h e  AiResearch system is shown i n  Figure 3. For t h e  
s p e c i f i e d  o r b i t e r *  duty cyc le  t h e  system weighed 463.3 l b  
of which 176.8 l b  i s  f i x e d  hardware. 

3.1.2 Liquid P rope l l an t  Systems 

AiResearch performed a cursory  a n a l y s i s  of a l i q u i d  
p r o p e l l a n t  f e d  APU. A schematic of t h e  s e l e c t e d  system 
is shown i n  Figure 4 .  
s u b c r i t i c a l  l i q u i d s .  A n  e l e c t r i c a l l y  dr iven  p o s i t i v e  
displacement  pump was s e l e c t e d  f o r  LH2 d e l i v e r y  and an 
e l e c t r i c a l l y  dr iven  c e n t r i f u g a l  pump was s e l e c t e d  f o r  t h e  
LO2 d e l i v e r y .  
version shown i n  Figure 1 with t h e  fol lowing except ions :  

Both H2 and O2 are s t o r e d  as 

Bas i ca l ly  t h e  APU i s  t h e  same as t h e  gas-fed 

1. The gas  genera tor  used t o  power t h e  t u r b i n e  now 
o p e r a t e s  with l i q u i d  r a t h e r  than gaseous 02. 

2 ,  The hydrogm cond i t ione r  j e t  pump f l o w  c o n t r o l  
i s  no longer  necessary as t h e  LH2 i n l e t  temperature  
is no longer  a v a r i a b l e .  

Total  weight and performance estimates f o r  t h e  system were 
no t  provided, 

* The orbiter performance w i l l  be used f o r  comparisons 
because of i t a  g r e a t e r  s e n s i t i v i t y  wi th  r e s p e c t  t o  payload 
than  t h e  booa te r ,  
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3.2 Rocketdyne 

3.2.1 Gaseous P rope l l an t  Systems 

A schematic of t h e  APU s e l e c t e d  by Rocketdyne 
f o r  pre l iminary  des ign  i s  shown i n  F igure  5. The system 
w a s  based on a d e s i r e  t o  r e g u l a t e  power ou tpu t  e i t h e r  by 
vary ing  t h e  t u r b i n e  i n l e t  p re s su re  o r  by f i r i n g  i n  p u l s e s  
wi th  only minor hardware and c o n t r o l  d i f f e r e n c e s  between 
t h e  t w o .  Turbine power, as  i n  t h e  AiResearch system, i s  
ob ta ined  from t h e  combustion of f u e l - r i c h  mixtures  of 
H2 and O2 and i s  geared t o  d r i v e  t h e  hydrau l i c  pumps and 
a l t e r n a t o r .  
energy from t h e  t u r b i n e  exhaust gases  ( r e g e n e r a t o r ) ,  cool 
the  hydrau l i c  f l u i d ,  cool t h e  lube  o i l  and condi t ion  t h e  
GO2 e n t e r i n g  t h e  combustor t o  approximately t h e  same 
tempera ture  as t h a t  of t h e  GH2. 

t o  ope ra t e  wi th  GH2 and GO2 supp l i ed  a t  t h e  same p r e s s u r e  
and temperature .  GH2 flow bypasses are provided t o  p reven t  
t u r b i n e  exhaus t  gas  condensation and maintain t h e  h y d r a u l i c  
f l u i d  and lube  o i l  temperatures w i t h i n  o p e r a t i o n a l  l i m i t s .  

P r i o r  t o  combustion, GH2 i s  used t o  recoup 

The combustor i s  designed 

The t u r b i n e  is a 2-stage p r e s s u r e  compounded 
a x i a l  flow des ign ,  opera tes  a t  6 0 , 0 0 0  rpm and i s  designed 
for  2060'R i n l e t  gas. Figure 6 p r e s e n t s  t h e  c o n t r o l  
system concept which was chosen f o r  c o m p a t i b i l i t y  w i t h  
e i t h e r  a p u l s e  o r  p re s su re  modulated power output  mode. 
The primary c o n t r o l s  are t u r b i n e  i n l e t  temperature  and 
t u r b i n e  speed. The tu rb ine  i n l e t  temperature  i s  n o t  
measured d i r e c t l y  b u t  i s  deduced from mixture  r a t i o  and 
combustion temperature and p res su re .  For p re s su re  
modulation, power output  i s  v a r i e d  by t h r o t t l i n g  t h e  gas  
flow i n t o  t h e  combustor a t  c o n s t a n t  mixture  r a t i o .  
p u l s e  modulation, t h e  combustor i s  f i r e d  a t  a r a t e  
p r o p o r t i o n a l  t o  t h e  power demand. Small gas  accumulators 
l o c a t e d  upstream of t h e  combustor achieve  t h e  d e s i r e d  
p u l s e  response rate. For example, a t  an output  of 33  H P  
a t  t h e  gearbox, t h e  p u l s e  would be 0 . 1 0 2  seconds "on" 
0 .920  seconds "off  . 'I Star t -up ,  shutdown, and of f-design 
cond i t ions  were analyzed using ana log  and d i g i t a l  simula- 
t i o n s .  It  i s  claimed t h a t  i n  both  p u l s e  and p res su re  
modulated modes s a t i s f a c t o r y  s t a r t u p  can be achieved i n  

During 
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1.3 seconds and t h a t  f u l l  power can be d e l i v e r e d  i n  less 
than  2 seconds. A f a i l u r e  mode a n a l y s i s  w a s  performed 
i n  which l o g i c  w a s  der ived  f o r  f a i l - o p e r a t i o n a l  and 
safe-shutdown modes. 

Rocketdyne stated t h a t  t h e  APU can be adapted 
for  use w i t h  an a i r b r e a t h i n g  t u r b i n e .  A l s o  it can be 
ground opera ted  us ing  7 6 O o R ,  500 p s i a  GN2 dur ing  which 
the  output  would be 120 s h a f t  H . P .  

The Rocketdyne b a s e l i n e  concept ,  however, does 
n o t  comply w i t h  t h e  s tudy  ground r u l e  t h a t  t h e  GH2 

p r o p e l l a n t  supply range between 250 and 350'R because 
t h i s  temperature  i s  t o o  high t o  maintain t h e  h y d r a u l i c  
f l u i d  below i t s  maximum l i m i t  (750OR) i n  the o rb i t e r  
duty  cyc le .  Rocketdyne s t a t e d  t h a t  t o  acceptab ly  cool 
t h e  hydrau l i c  f l u i d ,  t h e  GH2 temperature  e n t e r i n g  t h e  
APU should be between 50 and 1 2 O 0 R .  Several schemes 
were proposed t o  provide t h i s  lower temperature .  The 
most simple (F igure  7 )  mixes LH2 obta ined  d i r e c t l y  from 
t h e  ACS pumps wi th  accumulator GH2 t o  provide  t h e  desired 
A P U  i n l e t  temperature .  A s  s ta ted i n  F igure  7 ,  t h i s  r e s u l t s  
i n  a 30-50 pe rcen t  weight i n c r e a s e  over t h e  b a s e l i n e  system. 

Performance estimates fo r  both  p u l s e  and p r e s s u r e  
modulated systems are shown i n  Figure 8 as a func t ion  of 
p r e s s u r e  available i n  t he  ACS accumulators.  The p u l s e  
c o n t r o l  mode has  a lower s p e c i f i c  p r o p e l l a n t  consumption 
(SPC) and i s  r e l a t i v e l y  i n s e n s i t i v e  t o  supply p re s su re .  
F igure  9 p r e s e n t s  t o t a l  sys t em weight f o r  both p u l s e  and 
p r e s s u r e  modulated baseline systems. The o rb i t e r  p u l s e  
modulated system t o t a l  weight i s  738 l b  versus  828 l b  f o r  
t h e  p re s su re  modulated system. The 90 l b  weight sav ing  
of  t h e  pu l se  modulated vers ion  i s  achieved a t  t h e  pena l ty  
of added complexity,  p a r t i c u l a r l y  i n  t h e  combustor i g n i t i o n  
aya'tem, and petantially reduced syetem l i f e  due t e  t h e  

, l a r g e  c y c l i c  thermal  loads  i n h e r e n t  w i th  a pulsed  system. 

The previous  weights i nc lude  t h e  p r o p e l l a n t  
supply r equ i r ed  by t h e  ACS t o  d e l i v e r  ( cond i t ion )  APU 
p r o p e l l a n t  t o  t h e  ACS accumulators p r i o r  t o  use  by t h e  
APU. 
mentioned AiResearch system weights .  On t h e  same b a s i s  

This weight pena l ty  was n o t  inc luded  i n  t h e  p rev ious ly  
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as the  A i R e s e a r c h  weights, t h e  p u l s e  modulated orb i te r  
APU weighed 539 lb which inc ludes  233 lb of hardware 
and the  p r e s s u r e  modulated APU weighed 586 lb which 
i n c l u d e s  214  l b  of hardware. 

3.2.2 L i q u i d  Systems 

Rocketdyne d id  not  p r e s e n t  any r e s u l t s  of 
systems s t u d i e s  i n  which t h e  APU was suppl ied  both 
p r o p e l l a n t s  a s  l i q u i d s .  However, they  d i d  d i s c u s s  
systems i n  which t h e  APU used pump-fed LH2 from s e p a r a t e  
tankage and GO2 supp l i ed  from t h e  ACS accumulators.  
h y d r a u l i c  motor-driven p o s i t i v e  displacement pump w a s  
chosen f o r  LH2 d e l i v e r y .  
s o l v e s  t h e  problem of supplying adquate h y d r a u l i c  coo l ing  
c a p a b i l i t y  f o r  an orbiter duty c y c l e  and pu rpor t ed ly  can 
reduce t h e  APU t o t a l  system weight by 132 l b .  N o  detai ls  
of t h i s  system were presented.  

A 

T h i s  cold H2 d e l i v e r y  system 

3.3 Component Design and Technology 

Both c o n t r a c t o r s  presented a great deal of data 
on component des ign  and s t a t e - o f - t h e - a r t  hardware. The 
turbomachinery,  combustor, c o n t r o l s  and of f -des ign  
informat ion  were comparative and c o n s i s t e n t .  The d a t a  
on heat exchangers were no t .  
des igns  were described a s  ex tens ions  of e x i s t i n g  produc- 
t i o n  hardware des igns .  

. des igns  were based on a n a l y t i c a l  s t u d i e s .  The major APU 
technology a r e a s  f lagged out  by Rocketdyne a r e  shown i n  
F igure  10 .  
a r e a s  . 

The AiResearch h e a t  exchanger 

The Rocketdyne h e a t  exchanger 

AiResearch d i d  n o t  i d e n t i f y  any key technology 

4 . 0  COMMENTARY 

For t h e  o r b i t e r  duty c y c l e ,  t h e  AiResearch 
p r e s s u r e  modulated b a s e l i n e  system weighed 463.3  l b  
v e r s u s  536 l b  f o r  the pu l se  modulated and 586 l b  f o r  t h e  
Rocketdy.ne p r e s s u r e  modulated concepts .  Thus the  
AiResearch system is 6 6  l b  l i g h t e r  (56  l b  hardware) and 
1 2 3  l b  l i g h t e r  ( 3 8  l b  hardware) than  Rocketdyne's. I n  
a d d i t i o n ,  t h e  Rocketdyne baae l ine  concept doer n o t  meet 
t h e  NASA requirementr  f o r  cool ing  t h e  hydrau l i c  f l u i d  
wi thou t  i n t roduc ing  a d d i t i o n a l  ryetem complexity and 
poae ib ly  a d d i t i o n a l  weight.  There conr ide ra t ione  t end  
t o  f avor  t h e  AiRarearch concept. However, h e r e  are some 
a d d i t i o n a l  r u b j e c t i v e  commantr which reinforce t h e  above. 
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i 

The AiResearch s y s t e m  concept ,  wi thout  major 
change, i s  s a t i s f a c t o r y  f o r  use wi th  accumulator supp l i ed  
gaseous p r o p e l l a n t s  o r  l i q u i d  p r o p e l l a n t s  supp l i ed  from 
s e p a r a t e  tankage. The key t o  t h i s  c a p a b i l i t y  (Figure 2 )  
i s  t h e  p r e h e a t e r / j e t  pump subsystem which p reven t s  
f r e e z i n g  of e i ther  t h e  lube o i l  (400 'R)  o r  t h e  hydrau l i c  
o i l  (530OR) us ing  only a s i n g l e  r e c y c l e  f l o w  c o n t r o l  loop. 
use of l i q u i d  p r o p e l l a n t s  r e q u i r e  somewhat d i f f e r e n t  
component des igns .  
p r e h e a t e r  must vapor ize  as w e l l  as heat t h e  H2.  

con f igu ra t ions  of h e a t  exchangers are r equ i r ed  f o r  a LH 

than  f o r  a GH2 system. However, such heat exchangers 
are r e l a t i v e l y  easy t o  f a b r i c a t e .  A l s o ,  a combustor 
u s i n g  LO2 is more d i f f i c u l t  t o  develop than  one us ing  
GO2. However, t h e  p re sen t  LO2 burning gas-generator  
s t a t e - o f - t h e - a r t  should s u f f i c e  f o r  t h i s  component. 

Rocketdyne d i d  not d e s c r i b e  an APU system 

With incoming s u b c r i t i c a l  LH2, t h e  

D i f f e r e n t  

2 

u s ing  LH2/L02 p r o p e l l a n t s .  However, t h e  b a s e l i n e  
conf igu ra t ion  (Figure 5) would probably r e q u i r e  a 
d i f f e r e n t  concept f o r  hydrau l i c  f l u i d  temperature  c o n t r o l  
as t h e  problem of hydraul ic  o i l  f r e e z i n g  becomes more 
a c u t e  when LH2 p r o p e l l a n t  i s  used. 
t u r b i n e  i n l e t  temperature cont ro l  system based on a 
c o n s t a n t  GH2/G02 mixture r a t i o  would have t o  be changed 

In  a d d i t i o n ,  the 

due t o  t h e  presence of ~ 0 ~ .  

1013-CB-ep C.  Bendersky V 
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FIGURE 2 -SCHEMATIC OF AIRESEARCH BASELINE SYSTEM 



SYSTEM PERFORMANCE 

Average SPC, lb/shp-hr 

Average O/F 

Total hydrogen-oxygen 
weight ,  l b  

Booster 

2.08 

0.575 

308.6 

O r b i t e r  

1 ..82 

0.627 

286.5 

SPC = S p e c i f i c  P r o p e l l a n t  Consumption 
FIXED WEIGHT SUMMARY 

Turbine-gearbox assembly 

Ducting 

Lube  and hydrau l i c  coo le r s  

Recuperator 

Valving 

Controls 

Hydrogen p rehea te r  

Combustor/flow control  

Total f i x e d  weight 

TOTAL SYSTEM WEIGHT 

BOOSTER 

4 8 5 . 4  l b  

71.7 l b  

34.4 

31.6 

. 11.8 

8.6 

7.0 

6.1 

assembly 5 .6  

176.8 l b  

ORBITER 

4 6 3 . 3  l b  

FIGURE 3 - AIRESEARCH PERFORMANCE AND WEIGHT 
ESTIMATE FOR BASELINE APU SYSTEM 
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FIGURE 4 - AIRESEARCH LOW-PRESSURE CRYOGENIC 
LIQUID SUPPLIED SYSTEM SCHEMATIC 
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FIGURE 5 - ROCKETDYNE APU SYSTEM SCHEMATIC (PULSE MODULATED) 
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